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前驱混锂煅烧得到规则的立方和球状 LiCoO2材料。在 100 mA·g-1（0.7 C）电流
密度下，3.0-4.3 V电压区间，首圈放电比容量分别达到 157和 154 mAh·g-1，100
圈循环后容量保持率分别为 92.1%和 90.6%，而相同条件下采用商业 Co3O4合成
的粉体 LiCoO2材料循环 100圈后容量保持率仅有 73.1%。在高倍率下（7 C）放
































时 LiNi0.8Co0.1Mn0.1O2材料中不稳定的 Ni3+易还原为 Ni2+，进一步加快了反应的
进行，而 LiNi1/3Co1/3Mn1/3O2材料中 Ni一般以+2价存在，结构相对较为稳定。 
在第五章中，我们采用共沉淀法制备了 LiNi0.5Mn1.5O4材料，并通过固相球
磨法合成了 La掺杂的 LiNi0.5-x/4Mn1.5-3x/4LaxO4（x=0.01，0.03，0.05，0.1）材料，
La进入 Ni和 Mn位，起到支撑结构的作用，La的掺杂提高了 Ni和 Mn的无序
性，使导电性得到提升，电化学极化和欧姆极化减弱，材料的循环性能和倍率性
能有所改善。其中掺杂量 x=0.03时，材料性能最佳，在 1 C倍率下首圈放电比
容量为 126.7 mAh·g-1，循环 200圈容量保持率为 90%，在高倍率 10 C下放电比
容量高达 112.8 mAh·g-1，高温 60°C和 5C下循环 200圈容量保持率可达 86%。 

















Lithium ion battery is one of the most efficient energy storage devices. It has 
been widely applied in electronic equipments such as mobile phone, digital camera, 
laptap and so on. With the development of lithium ion battery, its appications are 
extending to electric vehicles (EVs), hybrid electric vehicles (HEVs), plug-in hybrid 
electric vehicles (PHEVs) and smart grids. To meet the requirements of lithium ion 
battery with higher performance, various efforts have been devoted to seeking for 
cathode materials with high capacity and superior rate property. In the dissertation, we 
reviewed the overview of cathode materials for lithium ion batteries. The layered 
LiCoO2, layered LiNixCoyMn1-x-yO2 and spinel LiNi0.5Mn1.5O4 cathode materials were 
selected for the following research work. Firstly, we obtained morphology-controlled 
LiCoO2 by a simple two-step method, the as-prepared materials possessed excellent 
cyclic stability and rate capacity. Secondly, we synthesized layered LiNixCoyMn1-x-yO2 
with different ratio of Ni:Co:Mn and studied the washing effect on the performance of 
the materials after storage. Finally, La-doped spinel LiNi0.5Mn1.5O4 was compounded 
via a state phase method to improve the electrical conductivity and cyclic 
performance.  
In chapter 3, the cubic and spherical lithium cobalt oxides were successfully 
synthesized by a simple two-step method including regular Co3O4 preparation and 
subsequent lithiation process. The above two LiCoO2 materials showed much better 
performance than the one prepared from commercial Co3O4 (powder-LCO). The 
cubic-LCO and spherical-LCO delivered a same capacity of above 150 mAh·g-1, with 
capacity retention of 92.1% and 90.6% after 100 cycles, respectively. In contrast, the 
powder-LCO also delivered a capacity of 153.2 mAh·g-1 at the first cycle, but only 
112.0 mAh·g-1 remained with a retention of 73.1% after 100 cycles. The cubic-LCO 
and spherical-LCO also exhibited excellent rate capability at large current densities, 
attributing to the better fluidity and less side-reactions at interfaces between 















powder-LCO. After 300 cycles, the morphologies of cubic-LCO and spherical-LCO 
were still maintained, which was also responsible for good electrochemical property. 
In chapter 4, LiNixCoyMn1-x-yO2 (Ni:Co:Mn=1:1:1、5:2:3、6:2:2、8:1:1) materials 
were prepared by co-precipitation method. The samples were treated by washing and 
stored in constant temperature and humidity chamber for 30 days. We chose 
LiNi1/3Co1/3Mn1/3O2 and LiNi0.8Co0.1Mn0.1O2 for further analysis. The results showed 
that the electrochemical performance of two samples was improved after being 
washed. After 30 days’ storage the properties of unwashed and washed 
LiNi1/3Co1/3Mn1/3O2 both decreased by a slight. However, the initial discharge 
capacities of LiNi0.8Co0.1Mn0.1O2 samples were much lower than that before storage, 
and the washed sample was more terrible than the unwashed. XRD, FT-IR and 
titration analysis indicated that a large amount of Li2CO3 was formed on the surface 
of LiNi0.8Co0.1Mn0.1O2, and the growing rate of washed sample was quicker. It may be 
attributed to the fact that Li2CO3 can be removed by washing, but it leaded to easier 
contact and adsorption of CO2 in air. Meanwhile, a reduction from unstable Ni3+ to 
Ni2+ was prone to react, further active oxygen O2- produced on the surface and 
combined with CO2 to form CO32-. Then CO32- reacted with Li+ from the samples to 
form Li2CO3. In LiNi1/3Co1/3Mn1/3O2 materials, nickel element mainly exists in the 
form of +2 valence, which makes it relatively stable. 
In chapter 5, we compounded La-doped LiNi0.5-x/4Mn1.5-3x/4LaxO4 (x=0.01，0.03，
0.05，0.1) by a state phase method. The La ions could act as a pillar in the lattice. The 
doping of La ions could increase the disorder degree of Ni and Mn ions in the 
structure, improve the conductivity and relieve the electrochemical polarization and 
ohmic polarization. When x=0.03, the La-doped material exhibited the best 
performance. The initial discharge capacity was 126.7 mAh·g-1 with the retention of 
90% after 200 cycles. Even at a high rate of 10 C, the discharge capacity was up to 
112.8 mAh·g-1. At a rate of 5 C and 60°C, the capacity retention was 86% after 200 
cycles. 
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图 1.1 不同电池能量密度的对比图[4] 





优点[5-14]：（1）工作电压高，一般为 3.6V以上，是传统 Ni-Cd、Ni-MH电池的 3
倍。（2）比能量高，目前 18650型锂离子电池的比能量可达到 250 Wh·kg-1以上。
（3）循环寿命长，锂离子电池目前可以循环 1000次以上，使用循环性能更好的
正极材料如 LiFePO4，循环可达 3000次以上。（4）输出功率大，可快速充放电。
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